OBJECTIVES: Tricuspid valve repair (TVr) has both a theoretical advantage in preserving right ventricular function and disadvantages such as a higher risk of repair failure in the long-term compared with tricuspid valve replacement (TVR). This study was conducted to compare the results of TVr with those of TVR to find an optimal treatment option.
INTRODUCTION
Current guidelines recommend tricuspid valve (TV) surgery for (i) patients with severe primary tricuspid regurgitation (TR) accompanying symptoms or right heart failure and (ii) patients with severe or progressive functional TR who underwent left-sided valve surgery [1] . The surgical treatment of choice for patients with TR is, however, still controversial; although previous studies have demonstrated favourable long-term outcomes after TV repair (TVr) compared with TV replacement (TVR) [2] [3] [4] , other studies have argued that worse clinical outcomes after TVR might be caused by worse baseline characteristics of TVR patients such as advanced heart failure and a history of frequent cardiac surgery [5, 6] . Therefore, this meta-analysis was conducted to compare results of TVr with those of TVR in patients with TR. This study hypothesized that despite a long-term risk of repair failure, long-term clinical outcomes, particularly survival rates, would be better after TVr than after TVR.
MATERIALS AND METHODS
Multiple comprehensive databases were used to find literature comparing the results of TVr with those of TVR. This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [7] .
Data source and literature searches
Full-text articles were searched using MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science and Scopus on 6 February 2017 Table S1 ). Search strategies were adapted for other databases based on the MEDLINE strategy.
Study selection
The inclusion of studies was independently decided by 2 reviewers (J.W.C. and H.Y.H.) based on the selection criteria. Any disagreements between the reviewers were resolved through discussion or review from the third author (M.-J.J.). The study selection was made following 2 levels of screening: at the first level, the titles and abstracts of the identified studies were screened. At the second level, the full texts were reviewed. Studies were included in this meta-analysis if they (i) enrolled patients undergoing TV surgery and (ii) compared the survival rates of patients receiving TVr with those receiving TVR as time-to-event data. When duplicated publications with overlapping study populations were found, the study with the largest sample size was selected.
Data extraction
Study characteristics and the patient baseline data were extracted independently by 2 reviewers (J.W.C. and H.Y.H.). Data regarding primary and secondary outcomes were also independently extracted by 2 reviewers (M.-J.J and H.Y.H.). Any disagreements between reviewers were resolved through discussion. If the outcome data were unclear, the authors were contacted via email.
Assessment of study quality
The overall study quality was assessed independently by two reviewers (M.-J.J. and H.Y.H.) using Risk Of Bias In Nonrandomized Studies of Interventions (ROBINS-I) [8] . Seven domains of risk of bias (ROB) were assessed: bias due to confounding, bias in selection of participants into the study, bias in classification of interventions, bias due to departures from intended interventions, bias due to missing data, bias in measurement of outcomes and bias in selection of the reported result. Based on the assessment of each domain, an overall ROB was determined as low, moderate, serious or critical. Any disagreements between the reviewers were resolved through discussion.
Statistical analysis
The primary outcome was to investigate the association between TVR versus TVr and all-cause mortality in patients with TR. The secondary outcomes were time-to-TV reoperation and time-tovalve-related events (VREs). The outcomes were measured in terms of the hazard ratio (HR) of using TVR compared with TVr. For each study, the HR and 95% confidence interval (CI) were directly extracted from the research article. When the HR and its 95% CI were not reported, their values were calculated using other available statistical information (log-rank test, Kaplan-Meier curve) [9] . In 1 study [10] , their values for all-cause mortality were drawn from both 30-day morality and the Kaplan-Meier curve for 30-day survivors. Pooled HRs, 95% CIs and P-values were calculated using the random-effect model. Two-sided P-values <0.05 were considered statistically significant. Heterogeneity was assessed with the v 2 tests and quantified with I 2 statistics to evaluate the extent of variability that was attributed to statistical heterogeneity between studies. The I 2 values of 25%, 50% and 75% have been suggested as indicators of low, moderate and high heterogeneity, respectively [11] . A sensitivity analysis was conducted to assess the influence of an individual study on the results by omitting 1 study in each turn [12] . Subgroup analyses were performed to evaluate the influences of ROB and patient characteristics on the study results; a stratified analysis was conducted based on the result of the ROB assessment (serious or moderate), and tertile-group comparisons were performed using all studies demonstrating available data according to the proportions of patients with TR Grade 3 or 4, functional TR and isolated TV surgery in each study. Additional subgroup analysis was performed by dividing studies according to the year of publication (before 2000 vs from 2000 to 2009 vs after 2010). A funnel plot and the Egger's test for asymmetry were applied to assess the possibility of publication bias among the studies. All analyses were performed using STATA version 12.0 (Stata Corporation, College Station, TX, USA).
RESULTS

Identification of studies
The database searches yielded 2942 articles. Of these, 2891 publications were excluded as it was clear from the title and abstract that they did not fulfil the selection criteria. For the remaining 51 articles, full manuscripts were obtained, and following the scrutiny of these manuscripts, 34 publications were excluded due to unmet inclusion criteria (n = 28), duplicated data (n = 5) or the inability to extract HRs (n = 1). Therefore, the total number of studies included in this review was 17 ( 
Study characteristics and patient population
All studies were non-randomized and involved 4561 patients (3432 patients in the TVr group and 1129 patients in the TVR group). Nine studies [4, 5, 10, 14, 17, 19, 21, 22] exclusively included TR patients, and another 5 studies [3, 6, 15, 16, 20] included 85.2-98.9% of patients with TR. In 1 study [2] , the authors demonstrated that only 77.6% of study patients had TR of Grade 3 or 4, while only 0.7% of patients had tricuspid stenosis of Grade 3 or 4. The proportion of patients with TR was unclear in the other 2 studies (Table 1) [13, 23] . The patients were, on average or median, in their late 40s to early 60s and were predominantly women (range 52.9-84.7%). In the TVr group, the use of a flexible band or a rigid ring was present in all but 1 study; 1596 (46.9%) patients among 3405 patients underwent ring annuloplasty. In the 1004 TVR patients for whom the type of prosthesis was presented, mechanical and bioprosthetic TVRs were performed in 311 (31.0%) patients and 693 (69.0%) patients, respectively ( Table 2 ).
Quality of the included studies
Regarding all-cause mortality, of the 17 eligible studies that were included, the appropriate methods to adjust for measured confounders were used in 7 studies, and those were rated as moderate ROB due to confounding. Propensity score matching was performed in 1 study [23] , propensity score adjusted was performed in 2 studies [6, 18] , inverse probability of treatment weighting was performed in 2 studies [4, 5] and multivariable Cox proportional hazard model was performed in 2 studies [2, 3] . The other 10 studies reported only the results of univariate analysis and were considered as a serious ROB (Supplementary Material, Table S2 ). Two studies demonstrated late mortality instead of all-cause mortality by excluding patients with early mortality [6] or 1-year mortality [19] . These 2 studies were found to have moderate and low ROB in the selection of study participants respectively, because the former study showed different operative mortality between the TVR and TVr groups (21% vs 13%), whereas the latter study demonstrated similar 1-year mortality between the 2 groups (21.4% vs 20%). Regarding secondary outcomes, for the TV reoperation, all the 6 studies were found to have serious ROB due to confounding, because they only reported the results from univariate analysis. For the VRE, all the 5 studies were rated as having a moderate ROB due to confounding (Supplementary Material, Table S3 ).
All-cause mortality
A pooled analysis of 17 studies in 4382 patients showed that the risk of all-cause mortality was significantly higher in the TVR group than in the TVr group (HR 1.59, 95% CI = 1.26-2.00; Fig. 2 ). There was a moderate-to-high heterogeneity between the studies (I 2 = 62.0%, P < 0.001). A sensitivity analysis showed that 1 study by Singh et al. [3] had the greatest influence on the results: the pooled HR without this study was 1.42 (95% CI 1.19-1.69) with an I 2 of 31.7% (P = 0.108; Fig. 3 ). The subgroup analysis according to ROB grade showed that this benefit was statistically significant for both the serious and the moderate ROB groups; the pooled HRs were 1.38 (95% CI 1.10-1.73) and 1.82 (95% CI 1.16-2.84) in the 10 studies with serious ROB and 7 studies with moderate ROB, respectively (Fig. 4 ). There were no statistically significant differences in the HRs between the subgroups when the subgroup analyses were performed according to the proportions of patients with a TR of Grade > _3 (in 10 studies), patients with functional TR (in 10 studies), patients with isolated TV surgery (in 15 studies) and year of publication (P = 0.868, 0.401, 0.416 and 0.607, respectively; Fig. 5 ). All the subgroup analyses were also performed after excluding 1 study by Singh et al. [3] ; there were still no statistically significant differences in the HRs between the subgroups.
Tricuspid valve reoperation
Seven studies [3, 6, [14] [15] [16] 18 , 21] compared time-to-TV reoperation between the TVr and the TVR groups using univariate analysis. The HR could not be calculated from 1 study [18] in which nonsignificant differences (P = 0.15) in TV reoperation rates were demonstrated in the 3 groups of mechanical TVR, bioprosthetic TVR and TVr patients instead of in the TVR and the TVr groups; therefore, it was excluded from the analysis. A pooled analysis of 6 studies including 2350 patients demonstrated that there was no statistically significant difference in the risk of TV reoperation between the TVR and the TVr groups (HR 1.30, 95% CI 0.88-1.91; Fig. 6A ). The I 2 statistics showed a low-to-moderate heterogeneity among the studies (I 2 = 27.5%, P = 0.229).
Valve-related events
The VRE rates were demonstrated in 5 studies [2] [3] [4] [5] 18] . All the HRs were derived from the adjusted analysis, including inverse probability of treatment weighting-adjusted HRs in 2 studies [4, 5] , propensity score-adjusted HRs in 1 study [18] and HRs from the Cox proportional hazard model in 2 studies [2, 3] . Three studies [3] [4] [5] demonstrated VRE according to the current guidelines [24] ; however, 2 of the 3 studies included cardiac mortality [4] or all-cause mortality [3] instead of valve-related mortality. The VRE was defined as death, TV reoperation and readmission due to congestive heart failure in another study [18] and as death, recurrence of symptoms that prompted the initial TV surgery, the occurrence cardinal symptoms attributed to congestive heart failure and TV repair failure that led to a second TV surgery in the other study [2] . A pooled analysis of 5 studies including 1635 patients showed that there was no statistically significant difference in the risk of VRE between the TVR and TVr groups (HR 1.47, 95% CI 0.91-2.38; Fig. 6B) . A pooled analysis of 3 studies including 785 patients in which VRE was defined according to the guidelines also showed a non-significant difference in VRE between the 2 groups (HR 1.27, 95% CI 0.81-1.99).
Publication bias
There was no evidence of publication bias in the funnel plots of all-cause mortality, TV reoperation and VRE (Supplementary Material, Fig. S1 ). The Egger's tests also showed that publication bias was non-significant in each outcome (P = 0.150, 0.320 and 0.533, respectively).
DISCUSSION
This meta-analysis demonstrated 2 main findings. First, TVR was associated with increased all-cause mortality compared with TVr in patients with TR. Second, there were no differences in morbidity, such as TV reoperation and VRE, between patients who underwent TVR and those who underwent TVr. The current guidelines suggest several indications for TV surgery in patients with TR, such as symptomatic severe primary TR, asymptomatic severe primary TR with right ventricular dysfunction and functional TR of a severe degree or progressive nature during left-sided valve surgery [1] . Even in these guidelines, TVr is recommended as the treatment of choice only for patients who undergo TV surgery combined with a left-sided valve surgery for mild or moderate functional TR in a progressive nature. A theoretical disadvantage of TVR over TVr has been suggested to be progressive right ventricular dysfunction caused by a large, rigid prosthesis in a deformable, low-pressure cavity [3] . A recent study demonstrated, using cardiac magnetic resonance study, that right ventricular ejection fraction decreased after TVR, but it was preserved after TVr [25] . However, there have been controversial results regarding the long-term clinical outcomes after TVR versus TVr, and no definite conclusions could be drawn [5, 6] .
To the best of our knowledge, this is the first meta-analysis comparing the results of TVR with those of TVr. This study clearly demonstrated that TVR significantly increased all-cause mortality after surgery compared with TVr. The subgroup analyses demonstrated that this finding was consistent regardless of the severity of TR, the proportion of patients with functional TR and the proportion of patients with isolated TV surgery. In the pooled analysis for all-cause mortality, I
2 statistics demonstrated a significant heterogeneity among studies with an I 2 value of 66.0%. Although no statistically significant differences in the HRs were found in the subgroup analyses as demonstrated above, sensitivity analyses showed that this heterogeneity among studies was significantly affected in 1 study by Singh et al. [3] . Possible explanations for this included the following: (i) all patients included in that study had organic TV disease and (ii) a substantial proportion (35%) of patients had congenital heart disease. Two of the 17 studies demonstrated late mortality instead of all-cause mortality by excluding early mortality [6] or 1-year mortality [19] . The operative mortality after TVR was significantly higher than that after TVr (21% vs 13%) in the former study [6] , and this might attenuate the true HR of all-cause mortality in that study.
One of the major concerns when performing TVr is a risk of recurrent TR after repair, because the subsequent TV reoperation is still a high-risk procedure [26, 27] . However, a pooled analysis of 6 studies demonstrated that the risk of TV reoperation was not higher in the TVr group than in the TVR group. In addition, the risk of VRE was not significantly different between the 2 groups. However, further data might be needed to draw definite conclusions, because the HR for reoperation was drawn from only 6 of the 17 studies using the results of univariate analyses, and the HR of VRE was calculated using 5 studies in which the VREs were defined differently.
Limitations
There are limitations to this study that must be acknowledged. First, all of the included studies were non-randomized studies, and the confounding variables could affect the results of our analysis. Second, the definition of events and the duration of follow-up were different among studies. Finally, a publication bias could not be ruled out, because meta-analyses can only report on the outcomes of published studies. However, we tried to minimize the publication bias by not placing a restriction on the language or year of publication.
CONCLUSION
This meta-analysis indicates that TVr is more beneficial compared with TVR regarding all-cause mortality. From the available data, TVr is not associated with an increased risk of tricuspid reoperation compared with TVR. Surgeons should try to repair the valve regardless of the aetiology or severity when surgical correction is needed in patients with TR.
